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The high-T limit of QFT is captured by a static, bosonic, 3D EFT where 
Matsubara modes have been integrated out.

This EFT is known only to NLO accuracy, for example to O(g ) in gauge ⁴
couplings.

This is insufficient to accurately describe GWs from (strong) PTs [Chala, Criado, 
Gil, López-Miras; 2406.02667], including current PTA observations.  
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1. Running couplings in high-temperature effective field theory [Chala, Dashko, 
Guedes; 2510.26878]

2. Correction to QCD Debye mass [Bernardo, Chala, Gil, Schicho; 2602.06962]

3. New results about the PT of the SMEFT [Chala, Fiore, Gil; 2507.16905]

4. Public code to solve multi-loop sum-integrals [Gil, López-Miras; wip]

5. Automation of thermal-field theory calculations [Fuentes-Martín, López-Miras, 
Moreno-Sánchez; wip] [Chala, Fuentes-Martín, Gil, López-Miras, Moreno-
Sánchez; wip]

Some preliminary results



9

DESY theory workshop, September 26, 2019

1. Running couplings in high-temperature effective field theory [Chala, Dashko, 
Guedes; 2510.26878]

2. Correction to QCD Debye mass [Bernardo, Chala, Gil, Schicho; 2602.06962]

3. New results about the PT of the SMEFT [Chala, Fiore, Gil; 2507.16905]

4. Public code to solve multi-loop sum-integrals [Gil, López-Miras; wip]

5. Automation of thermal-field theory calculations [Fuentes-Martín, López-Miras, 
Moreno-Sánchez; wip] [Chala, Fuentes-Martín, Gil, López-Miras, Moreno-
Sánchez; wip]

Some preliminary results



10

DESY theory workshop, September 26, 2019

1. Running couplings in high-temperature effective field theory [Chala, Dashko, 
Guedes; 2510.26878]

2. Correction to QCD Debye mass [Bernardo, Chala, Gil, Schicho; 2602.06962]

3. New results about the PT of the SMEFT [Chala, Fiore, Gil; 2507.16905]

4. Public code to solve multi-loop sum-integrals [Gil, López-Miras; wip]

5. Automation of thermal-field theory calculations [Fuentes-Martín, López-Miras, 
Moreno-Sánchez; wip] [Chala, Fuentes-Martín, Gil, López-Miras, Moreno-
Sánchez; wip]

Some preliminary results



11

DESY theory workshop, September 26, 2019

1. Running couplings in high-temperature effective field theory [Chala, Dashko, 
Guedes; 2510.26878]

2. Correction to QCD Debye mass [Bernardo, Chala, Gil, Schicho; 2602.06962]

3. New results about the PT of the SMEFT [Chala, Fiore, Gil; 2507.16905]

4. Public code to solve multi-loop sum-integrals [Gil, López-Miras; wip]

5. Automation of thermal-field theory calculations [Fuentes-Martín, López-Miras, 
Moreno-Sánchez; wip] [Chala, Fuentes-Martín, Gil, López-Miras, Moreno-
Sánchez; wip]

Some preliminary results



12

DESY theory workshop, September 26, 2019

1. Running couplings in high-temperature effective field theory [Chala, Dashko, 
Guedes; 2510.26878]

2. Correction to QCD Debye mass [Bernardo, Chala, Gil, Schicho; 2602.06962]

3. New results about the PT of the SMEFT [Chala, Fiore, Gil; 2507.16905]

4. Public code to solve multi-loop sum-integrals [Gil, López-Miras; wip]

5. Automation of thermal-field theory calculations [Fuentes-Martín, López-Miras, 
Moreno-Sánchez; wip] [Chala, Fuentes-Martín, Gil, López-Miras, Moreno-
Sánchez; wip]

Some preliminary results



13

DESY theory workshop, September 26, 2019

1. Running couplings in high-temperature effective field theory [Chala, Dashko, 
Guedes; 2510.26878]

2. Correction to QCD Debye mass [Bernardo, Chala, Gil, Schicho; 2602.06962]

3. New results about the PT of the SMEFT [Chala, Fiore, Gil; 2507.16905]

4. Public code to solve multi-loop sum-integrals [Gil, López-Miras; wip]

5. Automation of thermal-field theory calculations [Fuentes-Martín, López-Miras, 
Moreno-Sánchez; wip] [Chala, Fuentes-Martín, Gil, López-Miras, Moreno-
Sánchez; wip]

Some preliminary results



14

DESY theory workshop, September 26, 2019

1. Running couplings in high-temperature effective field theory [Chala, Dashko, 
Guedes; 2510.26878]

2. Correction to QCD Debye mass [Bernardo, Chala, Gil, Schicho; 2602.06962]

3. New results about the PT of the SMEFT [Chala, Fiore, Gil; 2507.16905]

4. Public code to solve multi-loop sum-integrals [Gil, López-Miras; wip]

5. Automation of thermal-field theory calculations [Fuentes-Martín, López-Miras, 
Moreno-Sánchez; wip] [Chala, Fuentes-Martín, Gil, López-Miras, Moreno-
Sánchez; wip]

Some preliminary results



15

DESY theory workshop, September 26, 2019

Backup
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The high-T limit of a given model is described by an Euclidean static 3D EFT 
involving only bosons

QFT at finite T is equivalent to a regular QFT with periodic time

Each field comes with a tower of Matsubara modes (equivalent to Kaluza-Klein 
excitations in extra-dimensions)

x
integrate out

QFT at finite temperature
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Dimensional reduction
[Kajantie, Laine, Rummukainen, Shaposhnikov; 9508379]

}

UV

IR

hard

soft

ultrasoft

non-perturbative

4D

3D

[Essentially, close to a critical 
point, where log(m/T) grows]
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The high-temperature limit of a toy model

Let us consider a model with a real scalar and a fermion

We integrate out the Matsubara modes, by performing the hard region expansion 
of Feynman integrals in

We obtain
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Perturbative bounce

Use the EFT expansion parameter

Solve for the minimum of the action order by order in perturbation theory. The 
leading bounce is the usual one; next corrections solve simple differential 
equations [Chala, Criado, Gil, López-Miras; 2406.02667]
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         computed this way is physical (i.e. invariant under field redefinitions as 
well as gauge independent); physical observables independent of how matching is 
performed [Chala, Criado, Gil, López-Miras; 2406.02667]

Perturbative bounce
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PT parameters

In dashed, we neglect effective operators

The vertical lines represent the (very conservative) limit of validity of the EFT

BP A
BP B
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